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EXAMINATION OF THE EPIDERMIS BY THE STRIP METHOD
III. THE NUMBER OF KERATIN CELLS IN THE HUMAN EPIDERMI5*
ROSIE HUNTER, HERMANN PINKUS, M.D. AND
CATHERINE HEISE STEELE, M.D.
In two earlier papers from this laboratory (1, 2) the strip method was used to
estimate the number of keratin layers and to obtain quantitative data on the
regeneration of the human epidermis after removal of the stratum corneum.
These data and figures on mitotic activity found in the literature were used to
describe the biology of the epidermal cells in terms of life span and replacement
time (3). It was pointed out that all quantitative estimates in this respect suffered
from a lack of knowledge of the number of keratinized cells, which are a sub-
stantial portion of the total cell population. As far as could be ascertained, all
counts of cells in this field actually are counts of nuclei, either in tissue sections
or in spreads of separated epidermis. It seems practically impossible to count the
non-nucleated flakes of the stratum corneum in this manner.
As a prerequisite for future experiments and in order to get a more secure basis
for estimates of the life span of epidermal cells, it was considered necessary to
devise a method for counting keratin cells with a fair degree of accuracy. After
attempts to count stripped-off cells directly on the tape and some other ap-
proaches had failed, the following method was found satisfactory.
METHOD AND MATERIAL
The area to be stripped was marked by a line of ink j4 inch (1.25 cm) long
drawn on the skin at right angles to the direction of stripping. Strips of Scotch
Tape®, 3 inch wide and approximately 5 inches long, were applied to the skin
as previously described, patted down gently, and pulled off quickly by grasping
one end of the tape and doubling it back on itself. It was found that denudation
was obtained more quickly and evenly by alternating the direction in which the
tape was removed. Care was taken to apply the center of the tape over the ink
mark, which was renewed whenever it became too faint. The procedure was
stopped when the test area presented a shiny dry surface, an end point that is
quite sharp and can easily be determined by viewing the skin obliquely. Squares
ji by j4 inch were cut from all strips of tape using the ink mark as the center.
These squares were combined in a stoppered bottle in a few milliliters of xylene,
which dissolved the adhesive gum and released the cells. The material may be
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kept in the xylene indefinitely after the plastic backing of the tape has been
removed. In order to separate the cells, which often clung together in clumps and
sheets, they were transferred into a 40 ml Potter-Elvejhem tube by means of a
long stem funnel. The bottle was rinsed several times with xylene and the rinses
added to the contents of the tube. After addition of a few drops of alcoholic
eosin solution, which served to stain the cells, the tube was centrifuged at low
speed for 10 to 15 minutes and all but 2—3 ml of the supernatant was decanted
and saved for later use. The clump of cells in the bottom of the tube was then
broken up by gently rotating the piston. Sufficient separation without much
destruction of individual cells was easily accomplished after some practice. The
result was judged by viewing the contents of the tube in transmitted light against
a blank sheet of paper.
The cells were transferred to a 25 ml glass stoppered cylinder using the saved
supernatant as a rinse up to a total of 17 ml of xylene. Carbon tetrachloride was
added to make a total of 25 ml. This procedure brought the specific gravity of
the liquid to a point at which the cells stayed in suspension (cf. Leider and
Buncke, 4). After thorough mixing, 0.01 ml of the suspension was pipetted on
each of 3 to 5 clean glass slides and immediately covered with a 24 x 50 mm
cover slip all edges of which were coated with a small amount of mounting resin
(Permount® or Clarite®). The cells were counted at 100 X magnification through
an eye piece with square aperture. All cells, those under the coverslip as well as
those that possibly had escaped into the mountingmedia, were counted. The total
of each slide, representing cells in 1/100 ml, was multiplied by 2500 in order to
find the number of cells stripped off 3' square inch of skin. The figure obtained,
multiplied by 16/25, or the counted total multiplied by 1600 is the number of
keratin cells per square centimeter.
Cells were counted on 14 healthy subjects representing both sexes, various
ages, and various shades of white and Negro skin. The mid portion of the flexor
surface of the forearm was used in 13 subjects. In 5 females, the thigh approxi-
mately 5 inches proximal to the patella also was the site tested. In 4 males, the
area over the right scapula was used for comparison. In 4 cases, both forearms
were used.
Cells in three to five separate drops of any one suspension were counted in
most instances. The results agreed, with few exceptions, within of the
mean. Repeated counts of the same drop usually did not vary more than 10%.
RESULTS
Results of keratin cell counts are listed in Table I. It is obvious that there are
considerable individual variations ranging from almost 1.5 million down to .7
million cells per square centimeter of forearm skin. Analysis of variance shows
that this variation between individuals is essentially four fold greater than the
variation inherent in the method of counting. There are also topical variations.
The ratio of counts from thigh/counts from left arm ranged from .39 to .59
with an average of .50. The ratio of counts from shoulder/counts from left arm
ranged from .42 to .64 with an average of .53. In contrast the counts from two
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TABLE I
Keratin cells per cm2
Case Color Sex Age Forearm Shoulder Thigh
Maximum Deviation of
Individual Counts from
Mean, Per Cent
8
1
2
9
7
13
10
6
12
5
14
11
4
3
C
C
W
C
W
C
W
W
C
W
W
W
W
W
F
M
M
F
M
F
F
M
F
M
F
F
M
M
33
42
31
32
49
33
22
37
25
30
59
31
20
26
lIt 1,379,000
rt 1,388,000
1,254,000
1,222,000
1,179,000
1,074,000
1,043,000
1,003,000
875,000
834,000
ift 835,000
rt 774,000
782,000
781,000
ift 741,000
rt 662,000
800,000
509,000
360,000
530,000
541,000
522,000
592,000
486,000
684,000
1 14
22
22 8
7 12
19 13
29
8
21 9
9
24 37
6
22
12
10 17
22 52
37
19
15 W M 34 ift 416,000
rt 413,000
24
42
forearms agree remarkably well with the ratio counts from right arm/counts
from left arm ranging from .99 to 1.12 and a mean of 1.04.
Subject 15 listed in the table is a white man aged 34, who is suffering from al-
most complete anidrosis in spite of the presence of fairly normal glands. His count
is so far below the average that it is considered abnormal.
Otherwise, although the number of subjects is too small for statistical evalua-
tion, it seems that very blond people have relatively small numbers of cells, and
that the number of cells increases parallel with the color of the skin. Sex seems
to make no difference. Age and possibly build may play a role.
The results obtained were checked against expected theoretical figures. The
diameter of keratin cells varies from 25 to 35 microns. If 30 j is taken as the
mean, the area of the cell is 900 t2 if it is considered a square and 707 i2if con-
sidered a circle. Using 800 and arranging the cells edge to edge, it takes 125,000
to cover 1 cm2. 750,000 cells would constitute a sixfold stratum corneum, 1,500,-
000 a twelvefold layer. The counts therefore are not only of the right order of
magnitude, but are close to expected figures.
In subject 7, who also had served in the experiments of preceding papers (1, 2),
the count of 1,074,000 keratin cells compares with 7,170,000 nucleated cells per
cm2. Non-nucleated cells thus would constitute only about 13% of the total
cell population of the epidermis of this individual's foreann, a region with more
than average thickness of stratum corneum. The mitotic rate was determined as
1.56 per thousand intermitotic cells, which constituted 83% of the population,
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the remaining 4% being post-mitotic nucleated cells of the stratum granulosum.
If mitotic time is estimated as one hour, the mitotic rate in this epidermis would
be sufficient to replace the entire stratum corneum in about 100 hours or less
than 5 days. Even mitotic rates as low as 0.1 per thousand as reported by others
(3) would be quite sufficient to explain replacement of exfoliated cells by the
mechanism of mitosis. It does not appear necessary to look for outside sources of
epidermal cells in the human skin.
SUMMARY
A method of counting the non-nucleated keratin cells of human epidermis with
a fair degree of accuracy is presented.
In 14 normal adults counts ranged from .66 million to 1.39 million per square
centimeter on the forearms. Individual variations were fourfold greater than the
error of counting. Counts from the two forearms differed from each other by less
than 12 %. Counts from shoulder or thighs were consistently about 50% less than
counts from the forearm in the same individual.
The figures obtained are of the theoretically expected order of magnitude.
It is estimated that keratin cells make up somewhat over ten per cent of the
total population of the human epidermis and that reported mitotic rates are
sufficient to explain the normal turnover of epidermal cells.
Acknowledgment: We are indebted to Dr. Arthur B. French, Associate Professor of
Medicine and Director of Clinical Cancer Research, Wayne University College of Medicine,
for statistical analysis of our data and for helpful suggestions in their evaluation.
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